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Abstract 
Palm based fly ash (PFA) is a solid waste of palm oil processing industry which contains silica components. These 
components are typically used to improve the mechanical properties of rubber-based products. This research aims to 
study the effect of the PFA as a filler on the morphology and properties of thermoplastic vulcanizate (TPV) based on 
a mixture of natural rubber (NR) and polypropylene (PP). TPV samples were prepared using the internal mixer at a 
mass ratio of NR/PP 70/30. Maleated polypropylene (MA-g-PP) 5% mass was added as a compatibilizer, filler 
content was varied from 15 to 45 per hundred rubber (phr). Paraffin and palm oil were added as a plasticizer with 
contents of 5 to 50 phr. Other additives include ZnO 5 phr, stearic acid 2 phr, trimethylquinone 1 phr, 
mercaptodibenzo-thiozyldisulfide 0.6 phr and 3 phr sulfur. The results showed that the use of PFA provides good 
tensile strength properties, a relatively homogeneous morphology, and low water absorption rate. The use of paraffin 
plasticizer produces a higher tensile strength compared to palm oil, but the elongation at break which produced the 
contrary. The best morphology and tensile properties of TPV (NR/PP 70/30) are on PFA and paraffin contents of 30 
phr and 25 phr, respectively. 
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1.  Introduction 
Indonesia is the second largest producer of natural rubber (NR) in the world after Thailand [1]. The use 
of the product is traditionally as raw material for tires, which reached about 70% of the total consumption 
of NR. Natural rubber is a material that is renewable, so the use in a commercial area is being developed. 
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One of the products can be developed from the NR materials are vulcanized thermoplastics or TPV 
[2]. This material has properties and functions similar to conventional vulcanized rubber at ambient 
temperatures, but can be melted down as thermoplastics at elevated temperatures. These properties can 
not be obtained unconventional vulcanized rubber. Unique characteristics that make it very useful and 
interesting as an alternative of conventional elastomer in many applications and markets, such as the 
automotive industry, cable/wire, footwear,  rubber pipes, tubes, and sports equipment [3,4]. 
Generally, the TPV material has been commercially developed; others are based synthetic rubber, such 
as Ethylene-Propylene-diene (EPDM), Ethylene-propylene rubber(EPR) and acrylonitrile butadiene 
rubber (NBR), or modifications [5]. NR manufacturing commercially based TPV has not grown 
significantly. This is due to the technical specifications that produce relatively low compared with that 
based synthetic rubber. Such inventory seems to be a distinctive challenge for the researchers, especially 
in Southeast Asia who are natural rubber producers 90% of the world. 
Several researchers have developed methods to improve the properties of natural rubber-based TPV, 
such as dynamic vulcanization [6,7], the use of compatibilizer silanes [8] and trans-polyoctenylene rubber 
or TOR [9], maleated phase before mixing with the thermoplastic rubber [5 ], the use of petroleum-based 
plasticizer [10], and the addition of silica filler materials [8]. The author also has developed several 
studies to improve the morphology and properties of TPV, such as improvisational process of dynamic 
vulcanization with sulfur and the use of maleated polypropylene compatibilizer [11], modifications to NR 
phase before it was mixed with the plastic polypropylene [12], and the use of carbon black filler [13]. 
In general, the methods that already exist are not produced TPV optimal performance, so it still needs 
further development. As in the method of enhancement of the TPV with the addition of filler, type of 
filler that has been developed is silica and carbon black. We estimate that the palm oil mill solid waste 
which is widely available in Indonesia, such as coco palm fruit and palm based fly ash (PFA), can be 
developed into a filler material to enhance the mechanical properties of TPV. The development will be 
directed as a substitute or filler material mixed with the already developed earlier. This way is visible 
because the waste contains high contents of silica [14]. 
This work is designated to develop of material production method of TPV based on mixture of PP and 
NR. The method developed is the addition of solid waste in the form of palm fruit fiber (PFF) and PFA as 
filler. To improve the distribution of filler particles in PP matrix, also developed the use of palm oil and 
commercial paraffin, as plasticizer. 
2.  Experiment 
2.1. Materials 
Materials used in this study were PFF and PFA as a filler obtained from local mills (Riau, Indonesia), 
natural rubber (SIR-20 with a 70 Mooney viscosity at 100 °C), obtained from local rubber processing 
industry (Riau, Indonesia). Polypropylene (Polytam PF1000 with MFI 10 g/10 min at 230 °C and density 
of 0.91 g/cm3) produced by Pertamina-Plaju, Indonesia, was used  as thermoplastic component. Some 
additives including Sulfur, Mercaptodibenzothiazoledisulfide (MBTS), ZnO, Stearic Acid, 
Trimethylquinone (TMQ) type Flectol TMQ, palm oil and paraffin plasticizer, Maleated polypropylene 
(MA-g-PP) type Epolene E-43 Polymer, purchased from local distributors. 
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2.2. TPV sample preparation 
At the first stage, palm fruit fiber (PFF) filler and other additives were mixed with NR in the Roll-Mill 
(equipped with speed control-S9 Toshiba UF 400 volt, 3.7 kw; Teco motor 1440 rpm, 5 HP; roll diameter 
of 10 cm and long of 35 cm) resulting NR compound. The content and particle size of the palm fiber were 
varied at 15, 30 and 45 phr and 60, 100 and 140 mesh, respectively. Additives used include plasticizer, 
stearic acid, zinc oxide, MBTS and sulfur. Plasticizer content was varied by 5, 25 and 50 phr, whereas the 
contents of other additives are made constant. The process manufacturing was performed at room 
temperature with a rotor speed of 20 rpm. Mixing process sequence is shown in Table 1. 
Table 1. Mixing Sequence for Preparation of Compound Materials by using the Two-Roll Mill 
Activities Amount (phr) Time (min) 
NR Mastication 
The addition of plastisizer 
The addition of filler 
The addition of ZnO 
The addition of stearate acid 
The addition of TMQ 
The addition of MBTS 
The addition of Sulfur 
Mixing process termination  
100 
variation 
variation 
5 
2 
1 
0.6 
3 
- 
0 
5 
10 
15 
16 
17 
18 
20 
30 
 
Furthermore, the compound was mixed with PP and compatibiliser  MA-g-PP in the Internal Mixer 
(type Labo Plastomill, compartment volume of 60 cc with an optimal percentage charge of 80%). Mass 
ratio of NR/PP was made fixed at 70/30. Similarly, the content  of MA-g-PP was maintained constant at 
5% mass. Mixing process sequence is shown in Table 2. Mixing process carried out at a temperature of 
180 °C and 60 rpm rotor speed. Furthermore, the results of sample mixing were prepared for testing the 
mechanical properties (tensile strength and elongation at break), water absorption and morphology. The 
same procedure was repeated for the preparation of the sample mixture NR/PP by using palm based fly 
ash (PFA) filler. 
Table 2. Mixing Sequence for Preparation of TPV Samples by using the Internal Mixer 
Activities Time (min) 
 PP melting 
The addition of NR compound 
The addition of MA-g-PP 
Mixing process termination 
0 
5 
6 
12 
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2.3. Tensile testing 
Tensile properties tested were tensile strength and elongation at break. Preparation of samples for 
testing the mechanical properties was conducted in two stages, namely the manufacturing of slabs  and 
cutting the sheet into the test specimen.  The preparation of slab using equipment hydraulic hot press 
model Gonno. The equipment is equipped with electric heating and cooling water.  Operating condition 
was under the setting load of 210 kgf/cm2 and temperature of 180 oC. Slab size is 15 u 21 cm with a 
thickness of 1.4 mm. Slabs were then cut into the test specimen using the specimen equipment dumbbell 
punching ISO 527-3-5. The dumbbells were stored in room temperature (23 °C and humidity of 50%) for 
at least 48 h for  conditioning prior to the tensile test. Tensile strength and elongation at break according 
to ISO 527-3-5 load 100 kgf and a speed of 50 mm/min, using the Universal Tensile Machine (UTM), 
Orientec Co. Ltd., Model UCT-5T with a maximum of 500 kgf  loading. 
2.4. Morphological study 
Observation was performed on fracture surfaces of samples, using scanning electron microscope model 
JEOL JSM-T330A.  The fracture surfaces were prepared by breaking the samples in a cryogenic 
temperature (just after immersing samples in liquid nitrogen). Further, samples were coated with gold for 
4 min with ion sputtering  of 10 μA to get c.a. 300 Å thickness coating, using a JEOL Fine Coat (Ion 
sputter). SEM micrographs of the test results are used to observe the blend morphology. 
2.5. Water absorption test 
Samples were immersed in distilled water at 30 °C. Weights of the samples were recorded for the oven 
dry weight before treatment and the equilibrium weight after treatment. 
3.  Results and Discussion 
3.1. Tensile properties  
Comparison of properties of tensile strength and elongation at break of NR/PP with fiber filler and ash 
oil palm fruits can be seen in Figure 1. Compared with the mixed system NR/PP with oil palm fruit fiber 
filler, the tensile strength properties of TPV with PFA filler is  better on all content of filler added. The 
most noticeable difference occurs at 30 phr filler composition, that is equal to 146% (i.e 3.9 MPa for oil 
palm fruit fiber filler and 9.6 MPa for PFA filler). But for the higher content filler (45 phr), the tensile 
strength properties decreasing (i.e. to 6.1 MPa for PFA filler). Elongation at  break properties also vary 
with contents of filler. Mixture NR/PP with oil palm fruit fiber filler having the best  properties of 
elongation at break (199%) at low filler content (15 phr), and it decreased at the higher filler contents. In 
contrast to the use of PFA filler, such properties have increased along with increasing PFA contents in a 
mixture of NR/PP, i.e 209% at contents of 30 phr and 244% at PFA contents of 45 phr. But if it is 
associated with the purpose of addition of filler is to increase the tensile strength properties, the best 
mechanical properties of a mixture of NR PP with PFA filler obtained at the contents of 30 phr. 
Decreasing in mechanical properties, especially tensile strength, at the higher filler contents, thought to 
be caused by several possibilities. The first possibility is the occurrence of filler agglomeration process 
which is likely occurred if the contents are too high. The second possibility is difficult to achieve a 
homogeneous mixture in the mixing process that uses a roll-mill for high filler contents. Other possible 
causes are the both type of filler used is the basic material is different. Besides, both of fillers having 
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difference in their particles size. The main components of oil palm fruit fiber is cellulose, while the main 
component of PFA is silica (i.e, with contents reaching 41.45% SiO2). 
(a) (b) 
Fig. 1. Effect of Filler Types and Contents (size 100 mesh) on TPV Tensile properties of NR / PP 70/30, Paraffin plasticizer 25 phr: 
(a) Tensile Strength, (b) elongation at Break  
Effect of PFA particle size on tensile properties can be seen in Figure 2. At the filler particle size of 60 
mesh to 100 mesh, the tensile strength  is relatively constant, which is about 6 MPa. However, the filler 
particle size of 140 mesh, a decline in tensile strength properties are quite drastic, i.e. to 1.9 MPa or 
decreased by 69%. The same phenomenon occurs in break elongation, which increased from 326%        
(60 mesh) to 357% (100 mesh). On 140 mesh particle size filler, the properties of elongation at break 
decreases to 29%. 
(a) (b) 
Fig. 2. Effect of particle size PFA (30 phr) on TPV tensile properties of NR / PP 70/30, palm oil 5 phr  plasticizer: (a) Tensile 
Strength, (b) Elongation at Break 
In general it is known that the size of the smaller filler particles will increase the strength of the 
polymer material [15]. But in this work, we obtained the opposite result, where the filler particle size 
smaller than 100 mesh causes reduced tensile properties. This can occur because of the smaller the 
particle size, the distribution of filler into the polymer molecules does not occur evenly, which can result 
in generating of filler agglomeration and the phase mixture becomes unstable. 
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(a) (b) 
Fig. 3. Effect of plasticizer type and content on the TPV tensile properties of NR / PP 70/30, PFA filler of 30 phr and size of 100 
mesh: (a) Tensile Strength, (b) Elongation at Break 
Effect of addition of plasticizer (paraffin and palm oil) on the composite tensile properties of NR/PP 
with filler Abu Palm can be seen in Figure 3. The use of plasticizer can assist in the deployment of filler 
in the composite PP/NR, because the plasticizer is added to reduce the interaction force between polymer 
chains in the rubber and the plasticizer molecules can penetrate into the polymer matrix [16]. Composites 
that use palm oil plasticizer showed tensile strength values are lower than paraffin which is only reached 
6 MPa at 5 phr of plasticizer, but it gives the value of elongation at break is higher than the 357% 
paraffin. This is because palm oil has a higher viscosity than paraffin, thus increasing the viscosity of the 
composite. As a result the intensity of friction that occurs between the composites with the filler and the 
greater the contact that occurs will be greater.  
3.2. Morphology 
Types, contents and different filler sizes produce different TPV morphology as well. This research 
found that the morphology is better for a mixture of NR/PP with PFA filler type, as can be seen in        
Figure 4. These results in tensile properties of a mixture of NR/PP with PFA filler are also getting better, 
Figure 1. In a mixture of NR/PP, NR and filler components are distributed and component PP phase is the 
phase matrix. 
The smaller the particle size and dispersion of the more evenly distributed phase can result in tensile 
properties of the mixture increases [6]. In this research found that the use of PFA filler can produce a 
relatively homogeneous morphology. The addition of palm oil plasticizer produces a more homogeneous 
mixing and the phase mixture is more stable than paraffin, as shown in Figure 4. However, the palm oil 
boiling point lower than that of paraffin, causing the plasticizer is more easily degraded at high 
temperatures, thus affecting the performance and lower the mechanical properties of composites. 
Compatibiliser utilizing of MA-g-PP also lead to an increase in chemical interaction of components. 
Such interactions reduce the tension face and produces better adhesion, so it can help improve the 
dispersion and maintain the flux of  NR particles are dispersed. Therefore, the use of compatibiliser can 
result in improved properties of tensile strength and elongation at break of the blend [11]. 
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(a) (b) (c) 
Fig. 4. Comparison of SEM micrographs TPV NR/PP 70/30: (a) Filler PFA, paraffin plasticizer, (b) Filler PFA, palm oil plasticizer, 
(c) Filler palm fruit fiber, palm oil plasticizer 
In addition, because the mixing process of NR/PP also performed as the dynamic vulcanization 
method that was developed earlier, during the mixing process will increase the viscosity of the mixture 
[8]. This action causes the increament friction that occurred during the mixing process, so that the particle 
size becomes smaller and the dispersion of NR phase in PP matrix more evenly. Therefore, dynamic 
vulcanization can improve the properties of tensile strength and elongation at break. Dynamic 
vulcanization of  NR phase in PP matrix stress-strain properties change to be like rubber vulcanization, 
where the small particle size and dispersion NR in PP evenly. Small size dispersion and the nature of 
cross-linked particles distribution facilitate the further initiation and movement of the flow matrix. In the 
dynamic vulcanization mixtures with higher contents of NR, NR phase transformations are relatively 
small. If cracks or fractures occurred, this is caused by the action of friction between NR and PP phases. 
 
Fig. 5. The influence of content of  PFA (100 mesh size) on the water absorption properties of  TPV NR / PP 70/30, 25 phr  paraffin 
plasticizer 
3.3. Water absorption 
Test results of water absorption material TPV NR/PP 70/30 with PFA filler can be seen in Figure 5. 
Increased contents of filler causes the material to absorb water is also growing. This is a consequence and 
contribution from the PFA which are hygroscopic or have the ability to absorb water [17]. 
Filler particle size also affects the water absorption of the material. The smaller the filler particle size, 
the higher the water absorption, because the surface area of filler will be even greater. So that, more 
particles come into contact with water molecules, but the material absorb water less than 1.5% mass. 
Therefore, the use of PFA as filler is good enough. 
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4. Conclusion 
The use of PFA as a filler produces tensile properties of the TPV (NR/PP 70/30) is good, a relatively 
homogeneous morphology, and low water absorption rate. The use of plasticizer type of paraffin produces 
a higher tensile strength compared to palm oil, but the nature of the resulting extension fractures suggests 
inversely. Tensile properties of TPV (NR/PP 70/30) is the best obtained for PFA content of 30 phr and 
paraffin content of 25 phr. The tensile strength reached 9.6 MPa and the elongation at break reached 
209%. The results of this study indicate that the palm oil solid waste, especially PFA is a promising 
potential to be developed as filler in the rubber industry. 
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